Purpose: we evaluated mortality risk in relation to social vulnerability across levels of frailty among a cohort of older Japanese-American men. Methods: in secondary analysis of the Honolulu-Asia Aging Study (HAAS), participants (n = 3,271) were aged 72-93 years at baseline. A frailty index (FI) created using 58 potential health deficits to quantify participants' frailty level at baseline, with four frailty strata: 0.0 < FI ≤ 0.1 (n = 1,074); 0.1 < FI ≤ 0.20 (n = 1,549); 0.2 < FI ≤ 0.30 (n = 472); FI > 0.3 (n = 176). Similarly, a social vulnerability index was created using 19 self-reported social deficits. Cox proportional hazard modelling was employed to estimate the impact of social vulnerability across the four levels of frailty, accounting for age, smoking, alcohol use and variation in health deficits within each frailty level. Results: for the fittest participants, social vulnerability was associated with mortality (hazards ratio (HR) = 1.04, 95% confidence interval (CI) = 1.01, 1.07; P value = 0.008). Similarly, for those considered at risk for frailty, each social deficit was associated with a 5% increased risk of mortality. For frail individuals, the Cox regression analyses indicated that social vulnerability was not significantly associated with mortality (0.2 < FI ≤ 0.3: HR = 1.016, 95% CI = 0.98, 1.06; P value = 0.442; FI > 0.3: HR = 0.98, 95% CI = 0.93, 1.04). Conclusions: for the fittest and at-risk HAAS participants, the accumulation of social deficits was associated with significant increases in mortality risk. For frail individuals (FI > 0.20), the estimation of mortality risk may depend more so on intrinsic factors related to their health.
Introduction
Frailty is a state of increased vulnerability for people of the same age, so that frail older adults are less able to tolerate stressors and are at increased risk for adverse outcomes, including falls, delirium and death [1] . The accumulation of deficits frailty index (FI) quantifies the health states of individuals, which can range from fitness to severe frailty [2] . It has been validated in several cohort studies and has been demonstrated to estimate mortality risk in older population-based and clinical samples [3] [4] [5] [6] [7] [8] .
Social risk factors can also impact health outcomes of older adults, including socioeconomic status, social supports, social engagement and mastery. Although these factors are often considered independently, prior studies have illustrated their cumulative effects [9] . Canadian studies have shown that a general measure of social vulnerability, one that combines a variety of factors into a single measure, can predict negative health outcomes including cognitive decline [10, 11] and mortality [12, 13] . While social vulnerability can distinguish levels of mortality risk in healthy older adults [13] , it is unclear how social vulnerability impacts survival across degrees of frailty; it is conceivable that the effect of social vulnerability on risk of mortality may attenuate as frailty levels increase. Similar attenuation of effects with increases in frailty have also been found for metformin for older adults with type 2 diabetes [14] and when examining cardiovascular adaptations related to exercise [15] .
Here, our objective is to examine the impact of social vulnerability across the continuum of fitness to frailty in data collected from the Honolulu-Asia Aging Study. In particular, we were interested to know whether social vulnerability conferred risk across all grades of frailty.
Methods
The sample of 3,271 older men was derived from the Honolulu-Asia Aging Study (HAAS). HAAS evolved from the Honolulu Heart Program that began in 1965 and follows men of Japanese descent born between 1900 and 1919 inclusive. In 1991, investigators began the HAAS focussing on conditions of ageing. A detailed overview of the methods for HAAS and Honolulu Heart Program is provided elsewhere [16] .
Frailty and social vulnerability measures were developed using data from the baseline wave. The approach to developing a social vulnerability index (SVI) has been described previously [12] . For the current study, 19 items cover domains such as marital status, living situation, social supports and social engagement. Each variable was dichotomised with values of '1' representing the presence of a social deficit and '0' marking the absence. For each participant, the sum of social deficits was calculated and divided by the number of social deficits considered. This provides each individual with <20% missing data with a SVI score between 0 and 1, with higher scores representing higher social vulnerability. Any participant with missing values for >20% of the social deficits was assigned a null value and was excluded from the analyses. SVI Items can be found in Supplementary data, Appendix S1 available in Age and Ageing online.
An FI was developed using the standard procedure outlined in Searle and colleagues [17] . Fifty-eight variables were selected as health deficits if they were associated with health status, accumulate with age, and have prevalence >1% but <80% in the sample. Each variable was dichotomised (0 for absent; 1 for present), summed and divided by the total number of deficits considered, providing an FI score between 0 and 1. FI items can be found in Supplementary data, Appendix S2 available in Age and Ageing online.
To examine social vulnerability and mortality across levels of frailty, the HAAS participants were grouped using the following frailty groups: 0.0 < FI ≤ 0.1 (fittest; n = 1,074); 0.1 < FI ≤ 0.20 (at risk; n = 1,549); 0.2 < FI ≤ 0.30 (frail; n = 472); FI > 0.3 (frailest; n = 176). Data on date of death have been collected on 90.9% of the sample, with the longest lived individuals surviving up to 21 years from baseline.
Standard protocol approvals, registrations and patients' consents
Data collection was approved by the Kuakini Medical Center IRB, with informed consent provided by all participants. Approval for the secondary analyses came from the Research Ethics Committee of the Capital District Health Authority, Halifax, Nova Scotia, Canada.
Analyses
Descriptive analyses examined the properties of the SVI, demographic variables and lifestyle factors across the four levels of frailty at the baseline wave in 1991. To estimate the impact of social vulnerability on time to death, separate Cox regression models were developed for each grouping of frailty. Each model contained social vulnerability deficit count, health deficit count, age in years, number of pack years (cigarette smoking) and alcohol use (oz/month). Analyses were performed in the IBM SPSS Statistics 20 statistical package.
Results
At baseline, the mean age of the sample was 77.9 years (SD = 4.7; range of 72-93). The SVI mean was 0.27 (SD = 0.13) and ranged from 0 to 0.89. The distribution was skewed (skewness statistic = 0.89) with a long right tail (kurtosis statistic = 1.52). The mean FI was 0.15 (SD = 0.08; range of 0-0.57). With increasing levels of the FI, participants had greater social vulnerability, on average (Table 1) and tended to be older, have diminished cognition and report greater smoking rates and alcohol use, with lower amounts of physical exercise on average.
For each level of frailty, the hazard ratios (HR) for time to death from the adjusted Cox regression models are illustrated in Figure 1 . After controlling for the age, smoking, alcohol use and deficit count, social vulnerability was significantly associated with mortality for the fittest participants (FI ≤ 0. HR = 1.04, 95% confidence interval (CI) = 1.01, 1.07; P value = 0.008) and at-risk participants (0.10 < FI ≤ 0.20: HR = 1.05, 95% CI = 1.03, 1.07; P value < 0.001). For these participants, each additional social vulnerability deficit was associated with a 5% increased risk of death after accounting for age and frailty (variation of health deficits within each frailty group). Thus, compared with a non-frail individual with no social deficits, a man with similar characteristics in age and frailty but with five additional social deficits would have a 25% higher risk of mortality. With increasing frailty, social vulnerability was not significantly associated with mortality in the adjusted models (0.2 < FI ≤ 0.3: HR = 1.016, 95% CI = 0.98, 1.06; P value = 0.370; FI > 0.3: HR = 0.98, 95% CI = 0.93, 1.04).
Discussion
We found that the impact of the social vulnerability on mortality differed across frailty groups. For the fittest participants, social vulnerability was significantly associated with mortality. Each additional social deficit was associated with a 5% increased risk of death. This is in keeping with a report from the Canadian Study of Health and Aging [13] in which social vulnerability differentiated mortality risk among the fittest individuals. The outcomes of the healthiest older individuals are of considerable interest as they may provide insights into how extrinsic factors impact health and ageing. Social vulnerability was also able to discriminate mortality risk among the at-risk group (0.1 < FI ≤ 0.2), further demonstrating the impact of social deficits on health outcomes in older adults. For the frail men in the HAAS (FI > 0.20), social vulnerability was not a significant predictor of time to death. The Cox regression model indicated that the accumulation of social risk factors does not provide reliable information on mortality risk for older frail adults beyond age and degree of frailty. These findings do not discount the importance of social vulnerability in frail older adults. They do however imply that once an individual is frail, the estimation of mortality risk may depend more so on intrinsic factors related to their health. The distribution of the SVI in the HAAS baseline wave was skewed with a long right tail. In previous populationbased studies, the distribution of the SVI was a closer fit to a normal distribution [12] . This difference may be due to the fact that the HAAS consisted only of men. Previous studies using the SVI found on average lower scores for men compared with those found for women [12, 13] . This sex difference may explain the shifted and slightly skewed distribution. Sex differences in SV may also have impacted our finding that the SVI did not independently predict mortality in the frail men represented here; the importance of social vulnerability across grades of frailty can be different in women [18] . This warrants further investigation.
Our results should be interpreted with caution. The HAAS collected information using a self-report approach which can be less accurate than data retrieved clinically or through laboratory tests. Second, there were a limited number of social risk factors that could be extracted from the baseline wave. This restricted the number of variables that could be included in the SVI and may have led to a less robust measure of social vulnerability. For example, we do not have data on social support service which can reduce feelings of social isolation [19] and protect against elder abuse [20, 21] . Finally, 8.9% of participants were excluded in the analyses due to missing data. Those who were missing these indices were older and closer to death, and their exclusion from our analyses may have impacted the estimates.
Key points
• Changes in the health of individuals result from both intrinsic and extrinsic factors, such as social vulnerability.
• The impact of social vulnerability on mortality differed across frailty groups.
• For frail individuals, intrinsic factors influenced mortality risk more than extrinsic factors.
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